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Mold fabrication
Triple-layer photolithography was used to fabricate a silicon master for fabricating PDMS devices by micromolding. Patterns containing the round control button for the control valve, the side channel, and the main channel were drawn in separate layers in AutoCAD 2004 and imaged at 20,000 dot-per-inch resolution onto optical transparencies (CAD/Art Services, Inc., Bandon, OR). To make the control button, a piece of isopropyl alcohol (IPA)-cleaned silicon wafer was spin-coated with positive-tone SPR 220-7 photoresist (Shipley Company, L.L.C., Marlborough, MA) at 4000 rpm. After soft-baking at 115°
C for 90 seconds, the resist was exposed to UV light under a photomask for 100 seconds at 14.9 mW/cm 2 on a Karl-Suss MA 6 mask aligner (Suss MicroTec AG, Garching, Germany). MIF-319 S3 developer (Rohm & Haas Electronic Materials, Philadelphia, PA) was used to develop the pattern, followed by rinsing with 18 MΩ water. Overnight baking in an oven at 190° C rounded the feature and stabilized the photoresist. A second layer of AZ 50 positive photoresist (AZ Electronic Materials USA Corp., Branchburg, NJ) was spin-coated at 4000 rpm onto the wafer to make the side channel. The soft bake consisted of three steps: 2 minutes at 65° C, 5 min at 115° C and 2 minutes at 65° C. After aligning the side channel pattern with the control button, UV exposure at 14.9 mW/cm 2 for 50 seconds transferred the pattern from the mask to the wafer. A 4:1 (v/v) mixture of water and 2401 developer (Shipley) was used to develop the pattern. Hard baking at 200° C rounded the side channel and stabilized the AZ 50 resist. For the third layer, corresponding to the main channel, SU8 2025 negativetone photoresist was spin-coated onto the wafer at 2500 rpm and soft-baked at 65° C for 3 minutes and 95° C for 6 minutes. Following careful alignment of the photomask for the main channel and the side channel already on the master, the wafer was exposed to UV illumination for 20 seconds at 14.9 mW/cm 2 . Post-exposure baking at 65° C for 1 minute and 95° C for 6 minutes cross-linked the exposed resist; the remaining non cross-linked residue was removed by immersing the wafer for 1 minute in SU8 developer. The master was then hard baked at 150° C for an additional 10 minutes. The mold for the control valve layer was made by single-layer photolithography using 30 µm-thick SU8 2025 resist with S4 at 80° C for 45 minutes. For the flow layer, PDMS pre-polymer with 20:1 mass ratio of base and curing agent was mixed similarly and spin-coated onto the flow mold at 2000 rpm. PDMS of the same composition was also used to spin-coat at 8000 rpm an IPA-cleaned # 0 coverglass (Erie Scientific
Company, Portsmouth, NH) to form the bottom layer. The flow and bottom layers were cured at 80° C for 40 minutes and 30 minutes, respectively. The control layer was peeled from its mold, drilled at preset punch marks and aligned with the flow layer. These two layers were bonded together at 80° C for 90 minutes before being peeled away from the flow mold as a monolithic block. Inlet/outlet holes were drilled through the control layer to the main and side channels in the flow layer with 22 gauge bluntedge needles, and the top two layers were bonded to the PDMS-coated cover glass permanently by heating overnight at 80° C.
Inlet and mixing stability tests
It was critical that the relative rates of injection of the two aqueous streams (enzyme and substrate)
into the main channel be balanced by tuning the pressure transducers such that there were always 50/50 mixtures in the mother plugs. This would ensure that the relative concentrations of enzyme and substrate were known accurately when comparing the enzymatic reaction rate as a function of droplet size to the bulk value at the same concentration of enzyme and substrate. We found that pressure fluctuations at the three-way intersection of the aqueous and oil channels, due to changes in radii of curvature of the oilaqueous interfaces of the plugs, resulted in fluctuations in the position of the boundary line separating the two aqueous streams at the intersection, and hence, the relative concentrations of enzyme and substrate incorporated in each plug. These fluctuations could be minimized however with careful adjustments of the three pressure transducers, which have a guaranteed accuracy of 0.25% (0.1% typical). Figure S1 quantifies the stability of the interface between Alexa568--Gal solution and nonfluorescent buffer solution at the intersection of the two aqueous channels by plotting the standard deviation of fluorescence intensity at each pixel from a set of 60 images taken at the inlet. If the interface was perfectly stationary, a peak of zero width would appear in Figure S1 . The width of peak in S5 the center indicates that the error in the final resorufin concentration due to the interface fluctuations was less than 10%. Uncertainties in the initial concentrations of enzyme and substrate of 10% would lead to errors in the estimation of enzymatic reaction rates in the Michaelis-Menten formula of at most, 5%.
Fig. S1
Standard deviation of intensity at interface between fluorescent and nonfluorescent streams at aqueous inlet of microfluidic device.
As a further test, we injected fluorescently labeled enzymes into one or both of the aqueous inlets and quantified the concentration of labeled enzymes in daughter droplets relative to that in the aqueous inlet(s) for the following three protocols: (1) inject same concentration fluorescent Alexa568--Gal (13 g/mL) into both aqueous inlets, (2) mix 1:1 ratio Alexa568--Gal (13 g/mL) and reaction buffer first, then inject the mixture into both aqueous inlets, (3) mix 1:1 ratio Alexa568--Gal (13 g/mL) and reaction buffer directly on-chip. Table S1 shows that the maximum error in labeled enzyme concentration in the daughter droplets for protocol (3) compared to protocol (2) was about 16 percent, irrespective of droplet diameter, proof that the chip could produce homogeneously-mixed daughter droplets throughout the size range 4 to 10 m, with reagent compositions identical to mixing in the bulk.
Protocol (2) was taken as the standard and its intensity was normalized to be 0.5 since it was supposed to give a 1:1 mixing of enzyme and buffer solutions. Protocol (2) should be compared with (3), which was the on-chip mixture and close to 0.5, within the experimental uncertainty. Solution (1) was enzyme stock only, giving a fluorescent signal about twice that of solution (2). 
Plug formation stability
Flow rates of aqueous mother plugs and daughter droplets were determined by analyzing bright field images from the CCD camera at a specific integration time The same setup also allowed for photon counting experiments at msec time resolution. These were undertaken to quantify the stability of steady-state plug formation by the device against pressure fluctuations. Fluorescence signal from the steady-state train of plugs containing 0.5 μM resorufin was directed to the side port of the microscope where it was detected by a photon counting module (PCM 942, Perkin-Elmer, Wiesbaden, Germany) and recorded by a digital counter on a NI PCI-6014 multifunction data acquisition board with 2 msec bin times (National Instruments, Austin, TX). A Labview (National Instruments, Austin, TX) program was written to control the data acquisition.
The stability of mother plug formation right before the T-junction was monitored from the fluorescence of resorufin molecules by a photon counting module. Figure S2 shows the histogram of S7 detected photon numbers. A superposition of a Poisson distribution, corresponding to the background, and a Gaussian distribution, corresponding to the fluorescent signal from plugs, was used to extract the mean and standard deviation of the signal distribution. A threshold, defined as the mean minus three times the standard deviation of the Gaussian distribution, differentiated the raw data points to be either due to background or fluorescence from the plugs. A typical result is shown in Figure S3 . From more than 4000 peaks, we calculated the peak width to be 18±1 ms and the duration between peaks to be 13±1 msec, which corresponds to a plug length of 95 m and a head-to-tail plug spacing of 69 m. These values were corroborated by plug length (100 m) and plug spacing (63 m) determined from bright field images captured under the same flow conditions with the CCD camera. The standard deviation in peak width was smaller than the time resolution (2 ms) in Figure S3 , indicating that plug formation instability due to pressure fluctuations in the system was negligible. 
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Droplet size distributions and optical calibration procedures
The optical calibration procedure to determine the concentration of resorufin product as a function of time, and hence, the rate of reaction in different-sized daughter droplets, consisted of three steps: (1) bright field determination of the droplet diameter, (2) determination of the total fluorescence signal from the droplet and (3) determination of the conversion factors relating resorufin concentration to fluorescence signal from different sized droplets.
Determination of Droplet Diameter
Bright-field images of trapped stationary droplets, taken under Köhler illumination conditions, were used to determine droplet diameters according to the following procedure. A bright-field image of an individual droplet was first selected. A rectangular region of interest (ROI) was then drawn about the droplet. Each horizontal line in the ROI was analyzed with a custom made Matlab script to extract the distance between two intensity minima corresponding to a chord length of the droplet. The longest S9 chord length was taken as the diameter of the droplet. The uncertainty in droplet diameter using this method was about one pixel, or 0.25 m. Figure S4 shows the relation between droplet diameter distribution and backing pressure at the oil inlet. Size distributions are usually characterized by the coefficient of variation (COV = std /m x 100%, where m and std are the mean and standard deviation of the distribution, respectively). The COV values of the droplet size distributions for our device were less than 3% for all the data sets reported in Figure S4 (seven to nine data points for each set). 
Determination of Total Fluorescence Signal (I tot ) from the Droplet
The total fluorescence signal (I tot ) from the droplet was calculated based on its diameter, which was determined previously from the bright-field image: A rectangular ROI was drawn around a droplet in the fluorescent image. The location of a tentative droplet center was estimated from the image. The tentative droplet center was moved systematically over a user-specified range in order to maximize the integrated fluorescent signal over the area of a circle with the diameter determined in the previous step.
The maximum of the integrated signal was used to define the true center of the droplet. Another region S10 of interest with the same area was then drawn in the vicinity of the droplet to calculate the average background intensity. The maximum of the total signal from the droplet minus the total background signal for the same area defined I tot .
Conversion between I tot and fluorescent product (resorufin) concentration
I tot was a function of both droplet diameter and resorufin concentration. However, since the fluorescence intensity integrated over the circular area of a selected droplet with measured diameter showed a linear relationship with the concentration of resorufin, we were able to determine the resorufin concentration as a function of time in each droplet from a time lapse series of images. This was used to calculate the rate of resorufin concentration increase with time due to enzymatic reactions in droplets.
For droplets of the same diameter, I tot was proportional to concentration; hence, the conversion factor for droplets of the same size was given by I tot /c. The concentration in M was determined from the absorbance of resorufin at 571 nm, using a molar extinction coefficient of 58,000 M 
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Trapped droplet stability Figure S5 compares bright field images (A, B and C) and fluorescent images (D, E and F) of trapped droplets at different times; no changes in size or position of the droplets were detected after ten minutes.
The slight difference between droplets in Figure S5B and C was due to minor drift in the focus of the microscope objective since the boundary of the channel in the two images also appeared to change slightly. Prolonged observation on the same droplet could be performed without ambiguity arising from droplet movement, shrinkage or merging. An alternative process to measure kinetics on a drop by drop basis would be to identify and track a specific moving droplet in real time for sufficiently long times to obtain reliable kinetic information from that droplet. We believe our method is far easier and more amenable for generating large data sets consisting of numerous measurements of different size droplets. 
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Bulk kinetics --Lineweaver Burk plot
The kinetics of β-Gal/RGP reactions in bulk solution were monitored with a stopped-flow instrument A number of control experiments were performed to eliminate several other possible causes for the decreased reaction rates in smaller droplets observed in Figure 2 of the manuscript. Consideration of Figure 2A indicates that substrate depletion can be ruled out because the time at which the average bulk rate (0.36 M/sec) and the fastest droplet rate (from 9.5 m droplets) diverge, roughly two seconds, corresponds to, at most, the consumption of just 0.7 M substrate, or roughly three percent of the initial substrate concentration. Bulk absorbance measurements performed both before and after mixing of aqueous solutions containing 50 M RGP substrate with soy oil containing NP-PEG surfactant did not S13
show evidence for substrate incorporation in the oil. Inner-filter effects, due to absorption of emitted light from fluorescent resorufin molecules by other product molecules in the droplets, can be ruled out from the calibration curves of fluorescence intensity versus resorufin concentration, which were linear over the concentration range 0 -4 M for all droplet sizes.
Product inhibition of -Gal by galactose
To test whether galactose, a byproduct of the hydrolysis reaction of the RGP substrate by -Gal, can act as a product inhibitor, we carried out a bulk assay of initial enzymatic reaction rates using 10 pM -Gal and 87.5 M RGP in phosphate buffer, with increasing amounts of added galactose (up to 10 mM).
The series of reaction rates was used to generate a dose-response curve and determine the IC 50 value for galactose inhibition of the reaction.
3
The dose-response plot in Figure S7 suggests an IC 50 value for 50% galactose inhibition that is well above the maximum concentration of 10 mM used, orders of magnitude beyond what could have been generated by enzymatic hydrolysis of RGP in the microfluidic experiments. Illumination conditions were the same as for the droplet experiments in the microfluidic devices.
Photobleaching Figure S9 shows the decrease in resorufin fluorescence due to photobleaching from a 9.5 m drop ( Figure S9A ) and from a 6 m drop ( Figure S9B ), under the same illumination conditions as used during the experimental determination of enzyme reaction rates. The fitted first-order decay constants S15
and then integrated numerically with an ODE solver (MathCAD) using the values for K M and V max determined from the bulk Lineweaver-Burk plot to simulate the net bulk product concentration as a function of time from competition between product formation due to enzymatic catalysis and loss of fluorescence due to photobleaching. Figure S9C and D show that the effects of photobleaching in the droplets on the bulk kinetic rate are not sufficient to account for the measured decreases in fluorescence, for either size drop. 
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Loss of ions at the interface
Additional controls were performed using confocal laser scanning microscopy of water-in-oil microemulsions with droplet sizes in the same range as those generated in the microfluidic devices. Figure S10 shows that inclusion of Magnesium Green dye indicated negligible loss of Mg 2+ ions in the aqueous droplet interior due to sequestration by PEG groups at the interface, 5 which would negatively affect enzyme activity. Similarly, SNARF-5F 5-(and-6)-carboxylic acid (pKa 7.2) and resorufin (pKa 6.4) dyes indicated the pH did not change in the droplets from their values in the reaction buffer used to prepare the aqueous streams (pH = 7.2) due to loss of hydronium ions at the interface. 1 mg /ml aliquots of these indicators were stored in a minus 20° C freezer or 4° C cold room. Before use, these aliquots were thawed and diluted in reaction buffer (100 mM phosphate buffer with 1mM MgCl 2 , pH 7.2) to the appropriate concentration. 100l of purified soybean oil was mixed and stirred with 50 l of buffer which contained the indicator dyes or fluorescent proteins. Figure S11A is a plot of the average fluorescence intensity (background subtracted) versus inverse flow rate in the main channel due to the enzymatic production of resorufin in mother plugs, captured S17 with the CCD camera just before daughter droplet splitting at the second T-junction. All experimental conditions, including the initial concentrations of enzyme and substrate, and the mixing and initiation of the reaction in the plugs, were the same as those used for the measurements of reaction rates in the daughter droplets described in the manuscript. The data can be grouped into three families classified by the average backing pressures applied at the aqueous inlets (approximately 20 psi, 15 psi and 10 psi).
Correlation plots of enzyme kinetics, plug length and droplet diameter with backing pressure
Within each family, mother plugs and daughter droplets of different sizes were intentionally generated by fine-tuning the backing pressure at the oil inlet relative to the fixed backing pressures used at the aqueous inlets. For example, in Figure S11A , the three data points within the "10 psi" ellipse correspond to oil backing pressures of 11.3, 11.5, and 11.6 psi. Tuning the oil backing pressure relative to the fixed aqueous pressures within each family (ellipse) also changed the flow rates of plugs and daughter droplets.
The reciprocal of the flow velocity in Figure S11A multiplied by the distance the plugs travelled from the inlet region to the focal point of the microscope in the main channel (2.3 mm) is simply the reaction time (mixing time) for the -Gal catalyzed hydrolysis of RGP substrate to give product (roughly 300 to 900 msec, depending on flow velocity). Figures S11B and C are plots of the correlations between flow velocity and average mother plug length in the main channel and average daughter droplet diameter in the side channel, respectively, determined from bright-field images from the CCD camera. Importantly, these plots show that the full range of mother plug lengths (roughly 70 to 90 m) and daughter droplet diameters (4 to 10 m) were observed in each family (ellipse), which indicates that the size of the plugs and droplets was determined primarily by the minor differences in backing pressures applied at the oil inlet relative to the two aqueous inlets at steady state, and was relatively independent of the magnitude of the average value of the backing pressures. This observation has been reported before for water-in-oil droplets in microfluidic devices. 6 These correlations in turn indicate that the fluorescence increases in Figure S11A were far more dependent on the reaction time in the plugs before they encountered the second T-junction (which S18 depended on the flow velocity through the mixer) than on the sizes of plugs (or the resulting daughter droplets after splitting at the junction). While we were not able to convert fluorescence intensity in Figure S11A to absolute resorufin concentrations directly due to the low signal/background from the rapidly moving plugs, the fluorescence increase with transit time should be linearly proportional to the initial enzymatic reaction rate in the plugs, assuming that none of the nominal population of enzymes in the plugs was inactivated. Figure S11A shows that this rate, in fact, was relatively insensitive to changes in plug length, while the reaction rate in the daughter droplets slowed down as a function of their size by as a much as a factor of four compared to the bulk rate, as was shown in Figure 2 . We consider this to be strong evidence that the loss of enzyme activity occurred predominately during droplet splitting from the plugs at the second T-junction in the device, and not upstream. 
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Testing role of interface with inclusion of aqueous PEG600 as crowding agent in droplets
An important prediction of our model is that the size-dependence of the reaction rate decrease in femtoliter droplets would disappear, regardless of the strength of shear stress at the oil-water interface, if the interface could be completely passivated by a high enough concentration of NP-PEG surfactant.
However, we could not test this prediction directly by increasing the amount of NP-PEG (or other surface active molecules, such as blocking proteins like BSA) since increased concentrations resulted in premature breakup of mother plugs at the device inlets, as described earlier. Instead, we used high concentrations (up to 100 mg/mL) of soluble PEG600 in the aqueous phase as a crowding agent to help passivate the interface against nonspecific adsorption of -Gal enzymes. Although PEG600 is not surface active, at the high concentrations used, we expect the interface would be occupied primarily by PEG600 molecules due to excluded volume effects and reduced diffusion coefficients. 7 In addition, PEG600 can form extended hydrogen-bonded networks with the NP-PEG surfactant molecules already present at the interface. 8 It is well known that molecular crowding affects reaction rates, however, these effects should depend primarily on the concentration of crowders in the aqueous environment, not on the size of the reaction vessel (droplet) itself, and should therefore be the same (within experimental uncertainty) for large and small droplets, as well as the bulk, as long as the concentration of crowders were the same.
9,10
The inclusion of crowding agent thus serves as a test for the importance of the oil-water interface in the sizedependent kinetics we observed (in Figure 2) by limiting the importance of enzyme adsorption at the interface in affecting reaction rates. We first tested the efficiency of the mixing stage of the device for mixing the more viscous solutions containing up to 100 mg/mL PEG-600 using fluorescently-labeled Alexa568--Gal enzymes, and found the mixing efficiency to be comparable to that without the crowding agent included in the plugs. Figure S12 shows that with crowding agent present, the reaction rates in the droplets were comparable to the bulk rate, for all droplet sizes. All other experimental conditions were the same as for the data presented in Figure 2 . While not attempting to characterize the mechanisms responsible for lowering enzyme activities with the addition of crowding agents, which have been the subject of many reports in the literature, here we note simply that the addition of the crowding agent has apparently masked the effects that the decrease in passivation at the interface with increasing S/V ratio of the droplets had on enzyme activity. Thus, this experiment serves as an additional control indicating that the decreases in initial enzymatic rates in femtoliter droplets with decreasing diameters seen in Figure 2 (i.e., without crowding agent) were in fact due to progressive inactivation of enzymes resulting from nonspecific adsorption at the oil-water interface.
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Fig. S12
Initial enzyme reaction rate in large and small daughter droplets, and in the bulk, with inclusion of 100 mg/mL soluble PEG-600 as crowding agent at different backing pressures at the oil inlet.
Comparison of droplet kinetics with traditional assays for detecting nonspecific adsorption
Control of nonspecific interfacial enzyme adsorption in water-oil systems has been demonstrated from interfacial tension measurements with surfactant in the oil phase and proteins in the aqueous phase, and in nanoliter water-in-oil plugs in a microfluidic device by fluorescence microscopy and measurements S22 of enzyme kinetics.
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Nonspecific adsorption of -Gal enzymes without the inclusion of NP-PEG surfactants at the interface was readily apparent from fluorescent images of labeled proteins in emulsion droplets and in mother plugs generated in our microfluidic device, and from interfacial tension measurements using the pendant drop technique. However, there was no evidence for nonspecific adsorption using either fluorescence or tensiometry when 0.1% v/v NP-PEG surfactant was included in the oil, even for enzyme concentrations up to two to three orders of magnitude greater than those used in the droplet experiments on-chip (1.85 nM). Initial reaction rates for Gal in larger daughter drops formed in our device (9-10 m diameter) were close to the average bulk rate. Our observation of minimal change in enzyme activity due to interfacial adsorption in mother plugs and the largest daughter droplets from the average bulk rate is consistent with previous reports in the literature describing well-passivated aqueous-oil interfaces in microfluidic devices.
What, then, is different about the splitting-off process described in this paper for forming daughter droplets in the second Tjunction from the more established assays for detecting nonspecific enzyme adsorption? How can we rationalize why the NP-PEG surfactant appears to passivate the oil-water interface adequately only for the larger size droplets and plugs?
First, for interfacial tension measurements using the pendant drop technique, drops were formed by slowly extruding aqueous solution into a quiescent oil phase, so there was little shear stress exerted on a growing drop due to the gradient of the flow field compared to the shear stress experienced by daughter droplets at the second T-junction in our microfluidic device. Second, it is not possible to quantitatively compare the stresses present during the formation of the microemulsion droplets used in the laser scanning confocal images with the daughter droplets generated on-chip. The emulsions were prepared by rapidly mixing buffer and oil in a micropipette tip, which likely involved turbulent conditions that are difficult to compare meaningfully to simple shear generated in the microfluidic device. However, assuming the same density of Gal enzymes in the aqueous interior as at the water-oil interface, based on the homogenous intensity profiles from laser scanning S23 confocal images of emulsion droplets containing fluorescently labeled enzymes shown below, scaling the S/V ratio corresponding to decreasing daughter droplet diameters in our device results in a higher relative percentage of adsorbed enzymes, based purely on geometrical considerations (see below). This effect is inversely proportional to the cubed root of enzyme concentration in the drops, being ten times greater at nanomolar concentrations than at micromolar concentrations. The concentration of labeled Gal enzymes in the emulsion was 1.06 M, while for the droplet experiments in the microfluidic device the enzyme concentration was 1.85 nM. Because of the inherent amplification involved with the use of fluorogenic substrates in enzymatic reactions, monitoring kinetics in droplets was a more sensitive way to detect enzyme adsorption than confocal images of emulsions containing labeled proteins.
Third, intensity profiles from epifluorescent images of Alexa568--Gal proteins in the daughter droplets generated on-chip were homogeneous, with no evidence for interface adsorption, similar to the laser scanning confocal images of droplets in microemulsions. However, the decreased spatial resolution and increased contributions to the measured intensity in those images from the greater excitation volume compared to laser scanning confocal microscopy lowers the sensitivity for detecting gradients in fluorescent enzyme density across the drop. 
Interfacial tension measurements from pendant drops
Laser scanning confocal microscopy images of microemulsions
In order to study nonspecific adsorption of enzymes at the water-oil interface, -Galactosidase was labeled by Alexa Fluor 568 using the Protein Labeling Kit (Molecular Probes, Carlsbad, CA).
Microemulsions were formed by mixing in a micropipette tip aqueous buffer containing labeled proteins with purified soy oil containing 0.1% v/v NP-PEG surfactant. The emulsion was delivered to a # 0 glass cover slip and images were taken on an Axiovert 100 M inverted microscope, configured for confocal laser scanning microscopy (CLSM) (LSM 5 PASCAL, Zeiss), and equipped with a Plan-Neofluar 63X S26 objective lens (1.25 NA). The pinhole was set to 120 μm (2.0 Airy units), and detector gains were set at 800 V for both red and green channels. The images were recorded as 16-bit tiff files and processed using the Metamorph version 7.0r2 (Universal Imaging Corp, Downington, PA), and ImageJ software. Droplet diameters 20 m.
S27 S/V scaling of enzyme densities in droplets
We used the confocal image of fluorescently labeled -Gal enzymes in Figure S14B Figure S14 , and roughly to the aqueous mother plugs in the main channel of the microfluidic device (30 m width and height, with lengths varying from 70 to 90 m, depending on flow rate). The highest value of the S/V ratio corresponds to 4 m diameter daughter droplets generated on-chip.
Increasing the S/V ratio by a factor of five results in increasing the relative percentage of interfacebound enzymes by a factor of five as well, for each concentration plotted in Figure S15A . However, a much higher proportion of the total enzyme population would be interface-bound at nanomolar S28 concentrations than at micromolar concentrations, for all S/V ratios. This is because the ratio of the number of interface molecules to the total number of molecules is equal to The top trace in Figure S15B is an estimate of how the concentration of -Gal enzymes remaining in the aqueous interior of a daughter droplet, presumed to be the only enzymes that are catalytically active, decreases with increasing S/V ratio, assuming a nominal starting concentration of 1.85 nM (1 g/mL).
For comparison, the bottom trace is the effective concentration of active enzymes that would result in the initial rate data presented in Figure 2B indicates that S/V scaling alone does not fully explain the four-fold loss of enzyme activity in daughter droplets compared to the bulk initial rate. It does, however, offer a partial explanation for why the larger droplet in Figure S14B , with a higher concentration of labeled enzymes, was not as sensitive an assay for protein adsorption at the interface than the reaction rate data from the smaller daughter droplets generated by shear in the T-junction of the microfluidic device. Effective concentrations of active enzymes left in aqueous interior of droplet after interface adsorption (1.85 nM nominal concentration), using S/V scaling (dashed line), and initial reaction rate data from
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Figure 5B of the paper (solid line). Figure S16 shows that the fluorescence intensity profiles from Alexa568--Gal proteins in the daughter droplets were homogeneous, with no evidence for interface adsorption, similar to the laser scanning confocal image in Figure S14B . However, the decreased spatial resolution and increased contributions to the measured intensity in the image from the greater excitation volume with S30 epifluorescence microscopy compared to laser scanning confocal microscopy lowers the sensitivity for detecting gradients in fluorescent enzyme density across the drop in Figure S16 . 
Epifluorescent images of daughter droplets containing labeled enzymes
Calculation of p-value using student t-test in Figure 2B of main text
In Figure 2B , the reaction rate was fitted to a linear function of daughter droplet diameters using Matlab and the p-value using t-test was obtained by the built-in Matlab function "regstat".
Raw data for Figure 2B of main text
Raw data is included in the file, "SI Raw Data Figure 2B .pdf" uploaded as Supporting Information.
